Evidence of phylogenetic conservatism in plant ecological traits has accumulated over the past few years, suggesting an interplay between the distribution of phylogenetic clades and major environmental gradients. Nonetheless, determining what environmental factors underlie the distribution of phylogenetic lineages remains a challenge because environmental factors are correlated with spatial gradients where the latter might indicate some degree of dispersal limitation in phylogenetic pools. We analyzed the phylogenetic structure of plant assemblages across the Brazilian Araucaria forests and assessed how phylogenetic structure responds to environmental and spatial gradients. We compiled data on plant occurrence in 45 plots across the Araucaria forest biome. The phylogenetic structure of the plots was characterized using phylogenetic fuzzy-weighting followed by principal coordinates of phylogenetic structure (PCPS). We used distance-based redundancy analysis (db-RDA) to analyze the relationships between phylogenetic clades and environmental and spatial factors. Variation partitioning showed that the phylogenetic structure of Brazilian Araucaria forests was better explained by environment factors (altitude and annual mean temperature) than by space. Yet, spatially-structured environmental variation explained about one-third of total variation in the phylogenetic structure. Thus, the influence of spatial filters on the phylogenetic structure was more related to environmental gradients across the Brazilian Araucaria forest biome than to dispersal limitation of phylogenetic lineages. Furthermore, the influence of explanatory factors on the phylogenetic structure was concentrated in few nodes, the one splitting tree ferns from seed plants, and a second splitting malvids from other eurosids. Assessing the functional links between species distribution patterns and environmental gradients is not an easy task when we have to deal with large species pools. Identifying major phylogenetic gradients across an environmental and/or geographical range of interest can represent a first step towards a better understanding of general assembly processes in ecological communities.
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Determining the ways that environment affects the distribution of distinct phylogenetic lineages assembled into communities is still a major challenge for ecologists. Phylogenetically closely-related species share more similar phenotypic traits than more distantly-related species (Felsenstein 1985) . Consequently, local communities distributed across major environmental gradients are likely to show distinct phylogenetic pools (Graham and Fine 2008) . Species-environment interactions are mediated by co-varying phenotypic traits, whose features have been evolutionarily shaped by adaptive tradeoffs (Ackerly and Reich 1999, Brodribb et al. 2007) . From an ecological point-of-view, the retention of ancestral traits in extant lineages likely constrains the habitat types different lineages can occupy, promoting some degree of phylogenetic habitat filtering (Duarte 2011) .
Over the past decade, there has been increasing evidence of phylogenetic conservatism in plant ecological characteristics (Brodribb et al. 2007, Feild and Arens 2007) . Among terrestrial plants, eudicot angiosperms have denser leave venation in comparison to other angiosperms (e.g. magnoliids) and non-angiosperm plants (Boyce et al. 2009 ). This characteristic likely confers an advantage to eudicots by permitting more effective gas exchange and leaf carbon assimilation over other plant clades (Brodribb et al. 2007 ). In fact, ecophysiological and ecomorphological analyses of extant basal angiosperms have indicated a preference for moist, shady, and frequently disturbed forest sites (Feild and Arens 2007) . Could such evolutionary conservatism in habitat occupancy by plants be extrapolated to the macroecological level? If habitat preferences tend to be conserved across the phylogenetic tree of terrestrial plants, we could expect to find some interplay between the distribution of distinct phylogenetic pools and major environmental gradients across a biogeographical region.
Several studies have evaluated the relationships between the phylogenetic structure of communities and ecologically relevant explanatory variables by employing phylogenetic clustering/overdispersion indices (Cavender-Bares et al. 2004 , Graham et al. 2009 , Willis et al. 2010 . Nonetheless, such approaches do not provide any information about which clades are affected by environmental gradients (Nipperess et al. 2010 , Parra et al. 2010 , Duarte 2011 , Pavoine et al. 2011 , Root and Nelson 2011 . In this study, we employ phylogenetic fuzzy-weighting, a tool developed by Pillar and Duarte (2010) that describes sites by their phylogeny-weighted species composition. For this, the phylogenetic relationships among species are used to weight the species composition in a given array of sites, providing a multivariate description of their phylogenetic composition. By doing so, phylogenetic fuzzy weighting enables analysis of the interplay between phylogenetic composition and environmental gradients (Duarte 2011) .
Although the distribution of different phylogenetic clades across geographical gradients is likely to be explained by environmental conditions, phylogenetic structure could be seen as an interplay among environmental, evolutionary, historical and neutral factors (Cavender-Bares et al. 2009 , Willis et al. 2010 . Therefore, assessing the effects of environmental conditions on the plot-level phylogenetic structure necessarily involves discriminating environmental effects per se from other relevant factors, like the spatial distribution of the plots. Spatial effects might indicate dispersal limitation of some clades across a region due to neutral dynamics or historical factors (Cavender-Bares et al. 2009, Parmentier and Hardy 2009 ).
Here we analyze the phylogenetic structure of woody plants in the Brazilian Araucaria forest biome. Our major goal is to assess how different phylogenetic clades respond to environmental conditions and spatial gradients. We also assess the importance of spatially-structured environmental variation on these patterns.
Material and methods

The Brazilian Araucaria forests
Forests with the conifer tree Araucaria angustifolia constitute the main forest type on the highland plateau in southern Brazil at elevations above 500 m a.s.l. (Hueck 1972) . Its northern distribution limit is in the Serra da Mantiqueira in south-eastern Brazil (latitude 20°S), where it occurs as vegetation patches or as isolated individuals in high-altitude grasslands, above 1000 m. Southwards, Araucaria forests extend to latitude 29°S (Hueck 1972) . Although their occurrence is mostly circumscribed to Brazilian highlands, there is a small area of occurrence of Araucaria forests in the Province of Misiones, Argentina. These forests are subjected to tropical and sub-tropical humid climates without pronounced dry periods. The annual rainfall ranges from 1400 to 2200 mm, and the annual mean temperature ranges mainly from 12°C to 18°C (Behling 2002) . The presence of species phytogeographically related to Austral-Antarctic and Andean floras distinguishes Araucaria forest communities from more tropical facies of Brazilian Atlantic forests (Rambo 1951) . Besides Araucaria angustifolia, some other typical species found in those forests are Podocarpus lamberti (conifer), Dicksonia sellowiana (tree fern), Drimys spp. (Winteraceae), and several species of Myrtaceae, Melastomataceae and Lauraceae.
Floristic composition
We compiled information from 45 floristic checklists comprising woody species (except lianas) distributed across the geographic range of the Araucaria forest biome (44 in Brazil and one in Argentina). From these, 27 checklists were formerly analyzed to assess historical factors underlying variation in seed dispersal strategies in Araucaria forests (Duarte et al. 2009 Table A1 ). In some of these sites, A. angustifolia occurs as small, relict populations in formations dominated by other forest types. Floristic data were obtained by employing several distinct methodologies. For instance, some authors used quadrats while others had no pre-defined surveying area; some used diameter at breast height as inclusion criteria while others used plant height. For this reason we only considered species presence/absence in sites. Thus, the floristic data set was arranged in an incidence matrix (W) of sites by species.
Generating principal coordinates of phylogenetic structure
To generate a phylogenetic tree for species occurring in Araucaria forests we adopted the phylogenetic super-tree R20091110 ( http://svn.phylodiversity.net/tot/megatrees/ R20091110.new ), which was built based on the phylogenetic relationships proposed by APG III (APG 2009), applying the Phylomatic module of Phylocom 4.1 software (Webb et al. 2008) . Tree branch lengths were calibrated using the BLADJ module of Phylocom 4.1, using clade age estimates provided by Wikström et al. (2001) . Undated nodes were evenly interpolated between dated nodes. A phylogenetic pairwise distance matrix (D F ) for the species contained in matrix W was then computed using the PhyDist module of Phylocom 4.1.
We scaled-up the phylogenetic relationships between species to the site level, generating a matrix describing the phylogeny-weighted species composition of sites (Fig. 1a) , which was defined using the phylogenetic fuzzy-weighting method developed by Pillar and Duarte (2010) , and implemented in the software SYNCSA ver. 2.5.22 (by Pillar, available at  http://ecoqua.ecologia.ufrgs.br/ecoqua/ software.html . A R-script for phylogenetic fuzzy weighting is also available at  www.ufrgs.br/leff/resources_ english.html ). For this, pairwise phylogenetic distances in D F were transformed into similarities (S F ) by taking the one complement. Then, phylogenetic similarities in S F were used to weight species composition in matrix W, using a fuzzy set algorithm (Pillar and Duarte 2010) . This procedure generates a matrix P containing phylogeny-weighted species composition for each site. That is, the presence of each i species in a given site is shared with every j species occurring in the array of sites, taking into account the phylogenetic similarity between i and j. Accordingly, those j species more phylogenetically related to i (e.g. from the same genus) will receive a proportionally higher fraction of the presence of i in that site than more phylogenetically distant species (e.g. from a different genus), which will receive a proportionally lower fraction, and so on. Note that the sum of species presences in a site belonging to W will remain exactly the same in P after phylogenetic fuzzy-weighting. Matrix P expresses the (a) Generating principal coordinates of phylogenetic structure (Pillar and Duarte 2010, Duarte 2011 phylogenetic composition in a given array of sites described by species composition. By performing a principal coordinates analysis (PCoA, Legendre and Legendre 1998) on matrix P, based on BrayCurtis dissimilarities between sites followed by Lingoes correction for negative eigenvalues (Legendre and Anderson 1999) , we generated principal coordinates of phylogenetic structure (PCPS), where each PCPS is a vector describing an independent phylogenetic gradient in the dataset (Duarte 2011) . The PCPS with the highest eigenvalue describes a broader phylogenetic gradient across the plots, i.e. a gradient related to the deepest tree nodes of the phylogenetic tree, like that splitting tree ferns from seed plants. As the eigenvalues of the other PCPS decrease, finer phylogenetic gradients related to higher nodes (e.g. families, genera) are described. PCPS analysis was performed using the MULTIV 2.63b statistical software (by Pillar, available at  http:// ecoqua.ecologia.ufrgs.br/ecoqua/software.html , user's guide included).
Since the floristic composition of plots was characterized using different sampling methods, some degree of variation in the phylogenetic structure of Brazilian Araucaria forests might be generated simply by different sampling procedures.
We tested for the association between sampling methods and phylogenetic structure of the plots using a Mantel test (Mantel 1967) , performed using the MULTIV 2.63b statistical software. For this, we built a binary matrix of plots described by sampling procedure, based on the information shown in the Supplementary material Appendix 1, Table A1 . Sampling methods were classified according to inclusion criteria (floristic survey, plant height or diameter at the breast height), data sampling method (quadrats, point-centered quadrat method or unspecified) and sampling effort where the quadrat method was employed (900-3000,  3000-6000,  6000-9000,  9000-12000 or  12000 m 2 ). These nominal variables were expanded into binary variables. With this binary matrix we computed SØrensen similarities between plots, and measured the association (Mantel test) between the similarities in sampling procedures between all pairs of plots and their corresponding phylogenetic dissimilarities, measured as Bray-Curtis dissimilarities between each pair of plots from matrix P. This analysis demonstrated the absence of noise in the phylogenetic structure of the plots generated by sampling procedures (r M  20.11; p  0.24), indicating that differences in the sampling methods have not introduced any bias in our analyses.
set of meaningful environmental variables we reduced the multicollinearity in our models.
How many PCPS should be used in the analysis?
The theoretical maximum number of PCPS will be the minimum between s and N21, where s is the number of species and N is the number of sites in P. Although all available PCPS could potentially be used for the analysis, by using all of them we might introduce a considerable amount of noise in the analysis. Each PCPS represents an orthogonal phylogenetic gradient across the distribution range of species in the dataset. Some of these gradients are likely to be explained by unmeasured factors, which might introduce confounding effects in the analysis. A viable solution to this problem is selecting a subset of orthogonal PCPS expressing the maximum association between phylogenetic structure and a set of explanatory variables of interest (Fig. 1b) . In this study we employed a PCPS selection approach similar to that proposed by Anderson and Willis (2003) for canonical analysis of principal coordinates (CAP). Nonetheless, here we performed distance-based redundancy analysis (db-RDA, Legendre and Anderson 1999) instead of CAP (Anderson and Willis 2003) . As we considered environmental variables as explanatory variables, the regression approach of db-RDA seemed to be more appropriate to our analysis than the canonical correlation analysis performed in CAP. Furthermore, db-RDA allows the use of different resemblance metrics, including those lacking Euclidean properties, like Bray-Curtis dissimilarities. These analyses were performed using CANOCO 4.5 (Ter-Braak and Smilauer 2002). PCPS selection was carried out as follows (Fig. 1b) : 1) perform db-RDA using increasing numbers of PCPS, starting with the PCPS containing the highest proportion of the total variation in P (that is, the one with the highest eigenvalue), and so on. Using this criterion to include the PCPS in the analyses implies that the association between phylogenetic composition and environmental variables is evaluated from more basal nodes to the tips of the tree. Thus, in cases where the distribution of clades across the environmental gradient is more deeply conserved in the phylogenetic tree, a smaller set of PCPS is selected. We use all six environmental variables in all analyses. 2) At each db-RDA, obtain an F value (Legendre and Anderson 1999) , which is a measure of overall db-RDA fit, F sum of all canonical eigenvalues residual sum of squares (
where p is the number of explanatory variables and N is the number of sites. 3) Select the subset containing the number of PCPS that minimizes the residual sum of squares (that with highest F value). This subset contains the fraction of phylogenetic composition scaled-up to the site level that is maximally related to the environmental gradient of interest.
Partialling out spatial and environmental drivers of the PCPS
After determining the subset of PCPS to be used as dependent variables we performed a forward selection of spatial
Spatial and environmental factors
We used the geographical coordinates (latitude, longitude) as spatial descriptors of the plots. We generated spatial models using the method of principal coordinates of neighborhood matrices (PCNM) described by Borcard and Legendre (2002) . The influence of space on the assembly patterns is likely to be scale-dependent (Willis et al. 2010) . Therefore, spatial methods considering only broad-scale spatial variation, like trend surface analysis (Borcard et al. 1992 ) may have only a limited applicability for partitioning environmental and spatial components of variation among sites (Borcard et al. 2004 ). The approach of principal coordinates of neighborhood matrices (PCNM) allows the assessment of spatial effects at multiple scales. The method is based on the assumption that meaningful spatial effects acting upon an ecological unit, such as a plot, are circumscribed to the neighborhood of that plot. Accordingly, farther beyond the linear distance defining the neighborhood boundaries of the plot, we could consider any distance as simply too far for spatial process to operate. That truncation distance, which defines the neighborhood boundaries, is usually set by the researcher, based on some previous knowledge about the neighborhood characteristics of the plots. Alternatively, it is possible to define the truncation distance by using an appropriate algorithm (Rangel et al. 2006) . PCNM variables are generated by performing a principal coordinates analysis on a truncated distance matrix connecting an array of plots. Each PCNM variable represents an independent spatial filter. The higher the eigenvalue of a given PCNM, the broader the spatial gradient represented by the filter. PCNM variables representing only small fractions of the spatial gradient (low eigenvalues) describe finer spatial gradients.
To calculate PCNM variables, geographic distances between sites were truncated at the maximum distance connecting all sites (270.3 km), based on a minimum spanning tree criterion (Rangel et al. 2006) . That is, any distance connecting two Araucaria forest plots beyond that threshold distance (270.3 km) was truncated and multiplied by a constant value, indicating that those two plots were too far from each other. Borcard and Legendre (2002) demonstrated empirically that a truncation distance of four times the threshold distance (in our case, 270.3 km  4  1081.2 km) was appropriate. Thus, any distance between a pair of Araucaria forest plots higher than 270.3 km was truncatedto the constant value of 1081.2 km. Then, a principal coordinates analysis was performed to compute the PCNM variables. Seven PCNM variables were obtained for Araucaria forest sites (Supplementary material Appendix 2, Table A2 ). PCNM analysis was performed using SAM 3.1 software (Rangel et al. 2006) .
For each site, six environmental variables were compiled from WorldClim 1.4 database (Hijmans et al. 2005 ): altitude, annual mean temperature, minimum temperature of the coldest month, temperature seasonality (standard deviation of temperature across the year  100), annual mean rainfall and rainfall seasonality (rainfall's coefficient of variation) (Supplementary material Appendix 2, Table A3 ). We opted for using only these six variables in our study, instead of all available variables in WorldClim database because most of them are highly correlated. By selecting a more restricted either sets of variables and db-RDA scores. Then, multivariate associations between plant phylogenetic clades and explanatory variables were plotted in a correlation scatter plot.
Results
Our floristic checklist from 45 Araucaria forest sites contained 925 woody plant species distributed among 91 botanical families. More than half of the species (56%) comprised eurosids, followed by asterids (27%) and magnoliids (11%); all other plant clades (tree ferns, conifers, Chloranthales, monocots, Ranunculales, Proteales, Sabiaceae, and Santalales) were represented by only 6% of the species pool (Fig. 2) .
Principal coordinates analysis on matrix P generated 43 PCPS with eigenvalues higher than zero. Nonetheless, the maximum association with the six environmental variables was obtained when only the first two PCPS (≅ 30% of total information in matrix P) were considered (R 2 (Y|X)adj  0.392; F-value  5.73; p  0.001). Adding up any other PCPS as dependent variable increased the residual error of the db-RDA, decreasing F-values and R 2 (Y|X)adj values (Supplementary material Appendix 3, Fig. A2 ). Thus, we kept only the first two PCPS in further analyses.
Taking into account the alpha-value of 0.05, the forward procedure selected three environmental variables, in decreasing order of importance: altitude, annual mean temperature and temperature seasonality (R 2 (Y|X)adj  0.395; p  0.0191). Note that the R 2 (Y|X)adj obtained for that three variables was higher than that of the global test (R 2 (Y|X)adj  0.392), indicating a type I error in the forward selection procedure. For this reason, we eliminated the third variable added to the model (temperature seasonality), which decreased the R 2 (Y|X)adj to 0.350 (p  0.0004). The same forward procedure was employed to select a subset of spatial filters from the seven PCNM variables. The global test gave an R 2 (Y|X)adj  0.266 (p  0.0010). The forward procedure selected three PCNM variables, in decreasing order of importance: PCNM 2, PCNM 1 and PCNM 5 (R 2 (Y|X)adj  0.285; p  0.0295). PCNM 1 and 2 described broader spatial gradients in the distribution of the plots, while PCNM 5 described a finer spatial gradient. Note that the R 2 (Y|X)adj obtained for the three variables was again higher than that of the global test. Thus, we eliminated the third variable added to the model (PCNM 5), which decreased the R 2 (Y|X)adj to 0.238 (p  0.0011). That is to say, only broader spatial gradients were kept in the next analyses. Thus, two (out of six) environmental variables (altitude and annual mean temperature) and two (out of seven) PCNM variables (PCNM 1 and 2) selected by the forward procedure were used as explanatory variables of the phylogenetic structure of the Araucaria forest plots (Supplementary material Appendix 2, Fig. A1 ).
Variation partitioning based on db-RDA showed that space (PCNM 1 and 2) and environment (altitude and annual mean temperature) together explained 39% of the phylogenetic structure across the Araucaria forest biome (Table 1) . Partialling out the influence of each set of explanatory variables indicated that environmental drivers represented the major explanatory factor for the variation and environmental variables to determine which variables to include as explanatory variables in db-RDA (Fig. 1c) . For this, we employed the forward selection implemented in CANOCO 4.5 (Ter-Braak and Smilauer 2002). Forward selection was performed separately for each set of explanatory variables (spatial and environmental variables). We followed the double selection criterion proposed by Blanchet et al. (2008) to reduce the type I error generated by forward selection analysis. The method consists in 1) performing a global test including all explanatory variables and correcting the R 2 (Y|X) according to Ezekiel's correction (Peres-Neto et al. 2006) . The R 2 (Y|X)adj of the global test is then used as a second criterion besides the alpha-value of 0.05 to select which explanatory variables will be kept; 2) performing the forward routine, which starts by selecting the available explanatory variable that maximizes model fitting and computing an F-ratio for the analysis. Next, a p-value for the analysis is generated by permutation of residuals (full model approach, Legendre and Legendre 1998) ; 3) computing a R 2 (Y|X)adj for the forward db-RDA whenever a p-value  0.05 is obtained. If the R 2 (Y|X)adj of the forward db-RDA is lower than that of the global test, a new variable is added to the analysis and the permutation test is performed again; otherwise, the procedure is terminated.
The selected set of PCPS was submitted to variation partitioning (Borcard et al. 1992 ) using db-RDA (Legendre and Anderson 1999) in order to assess the influence of preselected PCNM (S) and environmental variables (E) on the phylogenetic structure of the Araucaria forest plots (Fig. 1c) . Furthermore, this analysis allowed us to assess the spatiallystructured environmental drivers of phylogenetic structure. Variation partitioning has been widely-used to discriminate environmental and spatial influences on a set of biotic variables, although some authors recommend using this method with caution, as the spatial signal tends to get inflated in relation to the environmental signal after variation partitioning (Gilbert and Bennett 2010, Smith and Lundholm 2010) . A set of three db-RDA was performed: 1) a partial db-RDA on PCNM variables, after controlling for the effects of environmental variables (fraction S); 2) a partial db-RDA of the two PCPS on environmental variables, after controlling for the effects of PCNM variables (fraction E); 3) a db-RDA of the two PCPS on both PCNM and environmental variables (fraction S  S ∩ E  E). That is, independent effects of space and environment were directly assessed by performing the respective partial db-RDA. The R 2 (Y|X) for each db-RDA was adjusted according to the number of explanatory variables using the Ezekiel's correction (Peres-Neto et al. 2006 ). The significance of three models was evaluated by permutation of residuals (full model approach, Legendre and Legendre 1998) . The fraction corresponding to spatially-structured environmental effect (S ∩ E) on the two PCPS was obtained by subtraction:
To assess the association between plant phylogenetic clades (variables in matrix P) and environmental and/ or PCNM variables we calculated the correlation between Table 1 . Variation partitioning of phylogeny-weighted species composition in woody plant communities in South-American Araucaria forests on spatial filters and environmental variables through distance-based redundancy analysis (db-RDA). (63) Lamiids (127) Campanulids (63) Santalales (Superorder Santalanae) Malvids (292) Fabids (223) Ranunculales ( (2006) and Chase and Reveal (2009). in phylogenetic structure in the Brazilian Araucaria forests (13%, p  0.001). Spatial filters alone explained only a minor (1.9%) and not significant (p  0.0734) fraction of the total variation in phylogenetic structure across the plots.
Yet, spatially-structured environmental drivers are likely to exert a considerable influence on phylogenetic structure, as approximately one-third of its total variation was found to be shared between environment and space (fraction S ∩ E, Table 1 ). The correlation scatter plot (Fig. 3) shows that across the first canonical axis the scores were positively correlated to altitude, and negatively correlated to annual mean temperature and PCNM 2. The first canonical axis split tree ferns from angiosperms. While tree ferns were related to sites at high altitude and low annual mean temperature, different angiosperm clades (Lamiid asterids, Caryophyllales, Sabiaceae, Santalales, monocots, fabid eurosids and non-Myrtales malvid eurosids) were associated with higher annual mean temperatures at low altitudes. Furthermore, PCNM 2 was also related to the first canonical axis. The correlation pattern between explanatory variables and canonical axes showed that the PCNM 2 was related to both environmental variables, especially with altitude, corroborating the high variation fraction shared between spatial and environmental indicated by variation partitioning.
scales (Smith and Lundholm 2010) . In this study the first two PCNM selected by the forward procedure described both broader spatial filters. Therefore our results suggest that the influence of spatial filters on the phylogenetic structure of Araucaria forests is more related to major environmental gradients captured by PCNM variables than to dispersal limitation of phylogenetic lineages (Hubbell 2001) . Thus, historical/neutral processes are expected to exert a minor influence in the distribution of phylogenetic clades across the Brazilian Araucaria forest biome.
To what extent could this finding be extrapolated to other biomes distributed across the globe? Parmentier and Hardy (2009) detected dispersal limitation in the floristic distribution of species occurring in African inselbergs. Nonetheless, phylogenetic turnover in the species pool was only related to microhabitat variation across the inselbergs, rather than to spatial distance among them. Further, Swenson (2011) found that the phylogenetic structure of plant communities was mostly affected by environmental gradients. Nonetheless, a worldwide analysis of phylogenetic biome conservatism revealed that the distribution of vascular plant clades across the globe has a strong spatial component (Crisp et al. 2009 ). Yet, closely related plant taxa were found to show similar ecological distribution. To disentangle historical and environmental drivers of community assembly from evolutionary processes implies considering some degree of shared variation between different explanatory factors, given the intrinsically nested nature of the multiple drivers of biodiversity patterns (Westoby et al. 1995 , Cavender-Bares et al. 2009 ). Instead of considering the variation fraction shared between spatial and environmental factors as a noise to be controlled (Leibold et al. 2010) , we should look at it as a source of meaningful information about factors determining community structure.
It is important to keep in mind that the high variation fraction shared between environment and space found in this study may have been inflated to some extent by the use of PCNM variables in the variation partitioning. PCNM variables describing broader spatial gradients tend to share a great amount of variation with major environmental gradients than do PCNM variables containing finer spatial gradients (Smith and Lundholm 2010) . The forward selection of PCNM variables employed here did not consider this problem. The PCNM variables submitted to variation partitioning were those describing the broadest spatial gradients, which might explain the high fraction of variation shared between space and environment. Moreover, recent studies have warned against using variation partitioning to discriminate niche and neutral factors determining ecological patterns (Gilbert and Bennett 2010, Smith and Lundholm 2010) . In both studies, authors argue that variation partitioning tends to inflate the spatial signal in detriment to the environmental signal. Possibly the procedure employed here, to optimize the relationship between PCPS and environmental gradients (Anderson and Willis 2003) , minimized the inflation of spatial drivers in the variation partitioning of phylogenetic structure patterns. We have not tested this hypothesis here, but this possibility might be better evaluated in the future.
The influence of environmental and spatial factors on the distribution of phylogenetic clades in Araucaria forests The second canonical axis was positively associated with PCNM 1. On the other hand, the association between that axis and environmental variables was weak. The major phylogenetic gradient on axis 2 segregated malvid eurosids from other clades (Fig. 3) . It is important to note that different nodes within malvids showed different degrees of association with canonical axis 2 (Fig. 3) . It was possible to identify two major groups within malvids: Myrtales malvids (Combretaceae, Lythraceae, Melastomataceae, Myrtaceae  Vochysiaceae) were positively correlated to axis 2, while non-Myrtales malvids were weakly correlated to canonical axis 2. Therefore, Myrtales malvids were influenced by the spatial filter represented by PCNM 1, while non-Myrtales malvids were not. Magnoliids, Chloranthales, non-lamiid asterids and Ranunculales did not show any association with the first two canonical axes.
Discussion
Phylogenetic variation within the Araucaria forest biome was significantly explained by two environmental variables (altitude and annual mean temperature). Furthermore, while the influence of space per se was not relevant, environmental gradients were spatially structured. Therefore the action of environmental filters on community structure was likely mediated by phylogenetic relationships among cooccurring species, generating phylogenetic clustering across the environmental gradients. It has been proposed that dispersal limitation is expected to be related to PCNM variables describing finer spatial gradients, while environmental gradients are expected to be included in broader spatial was concentrated in few nodes. While some species-rich angiosperm clades (especially lamiid asterids and fabid eurosids) tended to show strong association with warmer sites, tree ferns were associated with sites at higher altitude. Kessler et al. (2011) found that the worldwide distribution of ferns along altitudinal gradients was mainly determined by climatic factors, especially temperature and water availability. In our study altitude was negatively related to annual mean temperature. Thus, the association between the occurrence of tree ferns and high altitude sites might be mediated by more moderate temperatures at high elevations, as observed elsewhere (Kessler et al. 2011) . Nonetheless, alternative explanations cannot be discarded. Species-rich angiosperm clades (e.g. lamiids and fabid eudicots) were related to high annual mean temperatures. The occupancy of such habitats by highly competitive angiosperms might preclude the occurrence of tree ferns (Brodribb et al. 2007 ), which might be displaced to less suitable but more available habitats at higher elevations. Furthermore, we found a phylogenetic gradient within eudicots. Species-rich lamiid asterids and fabid eurosids were related to high annual mean temperatures, while malvid eurosids showed a high intranode scattering. While non-Myrtales malvids were related to high mean annual temperatures, some species-rich Myrtales, such as Melastomataceae and Myrtaceae, were negatively related to annual mean temperatures. Punyasena et al. (2008) found that among Neotropical plant families, the intrafamilial abundance and/or richness in Fabaceae (fabid), Moraceae (fabid) and Bignoniaceae (lamiid) families tended to be positively related to high temperatures, while Melastomataceae (Myrtales) was more abundant at low temperature sites. Our results suggest that such patterns may represent a deeper phylogenetic trend than simply a family-specific one. Unraveling the mechanisms underlying assembly patterns in ecological communities at large geographical scales is not trivial, since it necessarily involves searching for the functional links between species distribution and environmental filters. We would likely reduce the great amount of unexplained variation found in this study if we had also considered some relevant plant traits in our analysis. Yet, characterizing a large species pool by ecologically relevant traits is not an easy task. One issue with trait analyses are missing values for some traits which can occur even when the species pool is moderately small (Willis et al. 2010) . Furthermore, data compilation from published databases can suffer from several shortcomings (Baraloto et al. 2010) , as trait data obtained from published material are often collected under very contrasting environmental conditions. This problem is particularly critical when we study plants, whose most ecologically-relevant traits present some degree of phenotypic plasticity. Therefore, identifying major phylogenetic gradients across an environmental and/or geographical range of interest can represent a first step towards a better understanding of general assembly processes in ecological communities.
